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Novel Flaime Retardant Vinyl Polymers 
Description of Hie invention: 

The invention is a new polymeric flame retardant, derived from* bisphenol C (BPC) 
analogue unit that has one or vote vinyl pendants for effecting a vinyl polymerStion 
where the vinyl rmght emanate from the aryl ring or come via an acroyl unit off one of 
the pheno c groups.^We call this a BPC analogue; however, they may or may not bear 
he phenohc units. The l,I-dichloro-2,2-diphenylethene unit (or its precursor, the IN 

<l t^^fT fl ?T P) iS CrhiCal P6rti °^ N ^ '*■ could be 

£25 *S! u a,0ge " S ^ ^ phenyl »*» aromatics or ISted 

benzenes. This could.be used as the exclusive monomer in the system or as a co- 
wer along. with other vinyl monomers. Conversely, the BPC-derived vinyl, 
(includmg acrpy!) polymer or co-polymer could be blended with other plastics to induce 
••JST^V - 5y?tem - The c <>Wcial ,application of this flame retardant to 
hd2 Q L ^f 1 — » <» n of transportation such as i airplanes 

helicopters, tramj buses, trucks, and automobiles will produce increased safety factors bi 
crashes and wrecks, alfowing^ 

hfrlT r rf V- ^^^^tici^tiwtthis material c^uld be^sed in blendtS 
n the materials of construction of buildings and homes to impart some protection to 
re, dents and occupants m case of a fire, and in electronics equipment housings to p evem 
^catastrophic fires from electrical shorts in equipment. >m^ io prevent 

inZl vT 'T^ P 0,y " Cr y ,ate or °^r vinyl polymer ha? been synthesized with a' 
bl SS ^ C " Wa!0gUe : Unctiona,it >' *at is itself highly non-flammable and can 
nLSd f h 6 5Pl? I COmp °f ?nt fQr a P* astic vrmay help to impart flame resistance whS 
ooller P ^ that u ls /! ormaJ1 y highly flammable. The new flame retardant 
2S? ^ J"? f " m ^ blend with n ^> » eed ^ the addition of synergists that are 

SnVfl • re5iStanCe * P ,astics - Th e ^io" is a new 

polymeric flame retardant polymer, derived from a bisphenol C (BPC) unit that has one 
or more vinyl pendants for effecting a vinyl polymerization. This could ta rtTtii e : 

SSrSr/' 7? a C " m ° nQmer ** vinyl monomers. 

nS^' ^ BP fl C " denVed r myl P° lyiner or cP-PPlymer could be blended with other 
££\ f^? A^ 1 ***** tb * e astern, the main difference between this 
approach and o her BPC systems is that the approach here uses the BPC as a pendan 
group in a vinyl polymerization, thereby permitting the formation of higher molecular 
weight systems that, will lend themselves to both thermoplastics and thennos's (uS 

TtSrchtSn^T^* ? S 680 be USe4 * ^junction with nano^s" 
Teflon, chlorinated polyethylene, or other additives, to impart antMrip features ' Also 
diere ,s the possibility that this pendant moiety can be directly attached to P^ene and 
£225f? T5 ^P^O-l-aryl-Uthanol intermediate in the presence of add 
ta effect d ie?o } f '^hy^ehydrohalogenation. The dehydrohalogenation could 
SiSffl^^ - *^ ° r ^ * * C ** through in situ 
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Tbs research was funded by the ^AA with, the intention that new flame; retardant 
addtoves would be used in aircraft materials of construction The blastic blend 
contammg the flame retardant polymer can potentially be molded into panels ^2 
component, to be used different aircraft" applications. This new material has 
wide spread use m many various transportation materials of construction appLatmns 
where plast^s are aj^eady being used. The existing blends do not perfoSS 
blends made, with tins new flame retardant polymer. It is expected that (he use 5 the 
mvenuve flame retardant polymer will lower the cost of production oftnLeXilof 
construct^ the transportatiori industry and will lead to a reduction in thelX of life 
due tp smoke inhalation and fire in accidents, wrecks, crashes, and ote mi^apt 
Mahals made with this new flame retardant polymer should have utility in maS of 
Jff, * **** buses ' trucks, helicopters, and automobiles It is also 

anticipated that this material could be used in construction of buildings' and homes o 
, mm some protection to residents and occupants in case of a fire, and in the houses of 

• The Advantage of the invention is that existing plastics and vinyl, polymers ^particular 
can be easy to process and widespread utility, but they have are aL ve^fla^abTe thS 
they need to be treated with heavy doses of flame retardant additives iSindv in 
our recent UL 94 test applications, these vinyl-derived polymers d^tE'S 
even a matter of their Extinguishing, but even upon continued applSon of me 
flame, the polymers dp nofburn. And achieving high molecular weighte coupL whh 

^ZT^'^A^^ ******* 0favi "y» 8™P to the aryl moietyof . 
the system This can be done through an.acroyl group being added to the monomer or 
supple avmyfpendant on the aryl ring of the U^lr^^nyl^^'Z 
be accomphsheoV in 3-4 synthetic steps for monomer prcpamL, followed ^y 
polymenzation.. Or one could functionalize polystyrene directly as described above 

The advantage of the inventive polymeric material is that its physical properties can be 
fine tuned by using different monomers in its preparation, or by using P addftivS to 
achieve the exact characteristics that are desired. There may be the Led for „ Sto 

wESt !h 6 08 ?UCh 3S nan0C,ays ' Tefl ^' * ^orinated polyethylenT 

Without the^e additives, dripping occurred upon second heat source applLioh as is 
xpected from a thermoplastic; encouragingly, the dripping polymer does noti^to 
cotton, thereby leading to. a successful fulfillment of the UL 94 industry standard tes 
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The BPG analogues can be cppolymerized vyith other moriomere to help impart greater 
impact resistance or other desirable features, The polymerization can be effected by 
several methods as described above. 



Grant or Contract Number: 

R13940- 416000; contract # 02,G-023 with the Federal Aviation Administration 
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Technical Section 

Development of Asymmetrical Flame Retardant Bisphenol C Polymers (AB?C\ 
Introduction ; " . 

The development pf processible flame retardant polymers has been a major challenge for 
both industrial and academic chemists, Most flame retardant polymers are highly rigid 
structures containing large amounts of aromatic char forming functionality. These polymers tend 
to; be hard to process and have high melting temperatures, which result in elevated cost and 
rigorous processing methods, The incorporation of flexible linkers for making processible 
polymers, which are found in vinyl addition polymers, are not usually considered flame resistant, • 
and therefore is not usually a suitable options for flame retardant polymers, Due to the excellent 
flame; retardant characteristics of bisphenol C (BPC), we have made new. asymmetric BPC 
(ABPC) monomers with an easily polymerized acrylate functional group. (In this context, we do , 
not use the term asymmetric to mean chiral, but rather that the molecule is function^ 
asy^etricaliy--the to ends have difjfering functionalities). 

• Acrylic polymers are known for their resistance to heat, sunlight, arid, weathering which 
makes them an excellent candidates for flame retardant polymers.' The approach to making 
these acrylate polymers was to incorporate the flame retardant BPC as a pendant group hanging 

• off the acrylate skeleton; This has produced a flame retardant and processible polymer that can 
be melted and molded into a new flame resistant material. 

Results and Discussion 

The new asymmetric bisphenol C (ABPC) structures are ; made from cheap and readily 
available starting materials, The first step is to produce the trichloroethanpl product/often 
referred to as the carbine). The carbinol is synthesized by slowly adding a solution of potassium 
hydroxide and methyldigof (diethylene glycol monomethylether) to a stirring solution of 
benzaldehyde and chloroform chilled at 0 °C (Reaction 1) 
Reaction 1 ; 

' + cHc b w«ww 
x Xj o °t? to «; 12 h 

X = H.fy.a' . mettiyldigo^aijOCH^^'HjC^OH 
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The resulting carbipol is purified by vacuum distillation and reacted with phenol in tHe presence 
of Bf 3 gas over several days to yield the asymmetrical DE>T molecule This process takes 
several daily additions of BF 3 and mechanical stirring to afford the dark viscous mixture; which, 
js then ^ purified by column chromatography. ■ 
Reaction 2 . 



ho • ci- 0H 



X ? H, Br, a 




BF3, 3d 




85% 



The dehydrohalogenation of the ABPC is dqne using the standard procedure of lithium chloride 
addition in DMF at 140 °C for 24 h then slowly decreasing the heat to 100 °C (Reaction 3). 



Reaction 3 




1) Lid. DMF, 140 ?C,24h 



r 2}1p0 o C,24h 



Ck^Cf 




83%' 



X=H/Br,CI 



The final step to afford the acrylate monomer is the addition of aery loyl .chloride to a solution of 
the ABPC, triethylamine and in methylene chloride (Reaction 4). 
Reaction 4 



ci^xi 




The acrylate polymer is made by a bulk polymerization with 2,2%azpbisisobutyronitrile (A1BN) 
at 1 10 °C for 2 d (Polymerization 1) ' • 
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Polymerization 1 




Preliminary bum methods conclude this jwlymer works well as a flame resistant material, . The 
polymer dripped, but did not ignite die cotton when it subjected to the HVUU94 flame test. . 
With the addition of the anti^drip additive, 1 wt% PTFE, the sample did not drip at all. The 
polymer is considered to be a V-0 material according to the UL-94 test, for flammability of 
plastic materiais. ' ; r : •;• 

In addition to the above mentioned vinyl polymers that have been already, made, the* 
following is a list of potential vihyi addition ppiymers that could be made using this ABPC core 
(Figure 1). 



Figure 1 



CIv^CI 

• if. 



T 
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Another potential use for the carbjnol is to- impart flame retardancy to flammable 
polymers such as polystyrene. By taking the carbjnol and reacting with -polystyrene in the 
presence of BF 3 or sulfuric acid, followed by a dehydrohalogenation reaction with base should 
give the more stable flame retardarit polymer (Reaction 5 & 6). 



Reaction 5 & 6 




BF 3 or HaSO^ 




Base 





Burn Results 



• ■ 1 . 

Additive 


First 
Ignition 3 
(sec) 


Observed 
Dripping 5 


Second 
Ignition 9 

(sec) 


Observed' 
Dripping'' 


UJL-94 
Rating 


Polyacrylate A 


; o,o 


No, No 




No, Yes 


V-0, V-0 


Polyacrylate A, lwt% 
PTFE 


0,0 


No, No 


o, o 


No, No 


VrO,V-0 



a Time to' selfcextinguishjng in seconds after 1st, 2nd, 3rd 10: sec ignition, b Indicates that 
molten polymer did (Y) or did not (N) drip on to cotton patch underneath, ignited bar during UL- 
94 test, c Indicates ignition of cotton patch underneath ignited bar of plastic/ d Indicates time 
that only glowing, not flame occurred after re-application of flame/ X indicates not enough bar 
iwajiUng ; for 2n0 ignition. ♦ Wt % based on halogen content . 
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AJ 
X .'. 

X=. H.Br. CI 



2,2,2-Trichioro,l-phenyMthangl (X, JL J-IV,55, 65, 67, 71, 73, 79, 91, 103, 133). 2 To 
a 250 ml three necked round bottom flask, quipped with a stir bar and addition runnel and 
. purged with nitrogen was added benzaldehyde and .chloroform. Potassiuin hydroxide (1-2 
equivalents) (KOH) dissolved in diethylene glycol monomethyl ether, (methyldigol) was added 
• dropwise via the addition funnel. The reaction mixture was cooled fo.0 <>C while the KOH and 
; methyldigol was added slowly over 6 h. The reaction was then- allowed to warm 'to room 
temperature wim stir^g for 12 h. The reaction was thenpoured into cold water and diluted with 
methylene chloride. The two layers were separated and the organic layer was! washed with HQ 
(0.1 N), and H 2 0 (2 x). The organic layer was dried over magnesium and filtered through filter 
paper. Solvent was removed via rotary evaporation, the final product was isolated via vacuum 
distillation 85 - 1 10 °C (1 atm). ; 




2-^Hydroxyphenyl)-2'^henyl)-l,l,l,trichloroetM (X. JU-IV.85, 87, 93, 97, 107, 113, 
125, 135, 145). 2 To a 100 mL three necked, round bottom flask, equipped with a stir bar, 
mechanical stirrer, and a gas inlet tube was added X and phenol (0.98 equivalents), the flask was' 
sealed with a septa and boron trifluoride (BF 3 ) was bubbled into the solution for 20 m, with 
constant stirring. The thick solution was stirred vigorously and BF 3 .was bubbled into the 
reaction mixture every 12 h for 3 to 5 days. The reaction was then poured into cold water and 
diluted with ethyl acetate. The two layers were separated and the organic layer was washed with 
K 2 C0 3 (1 M, 2. x) and H 2 0 (2 x). The organic layer wasdried over magnesium and filtered 
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through filter paper. Solvent was removed via rotary evaporation. The final product was 

isolated via column chromatography (9:1; Hexane/Ethyl acetate. : ' 




X = H. Br. CI 



H>4iydroxypheny^ 
127, 136). 3 To a 250 mL round bottom flask, equipped with a stir bar and reflux condensor and 
purged with nitrogen, was added 2-(p-hydroxyphenyl)-2; -(phenyl)- 1,1,1-Trichloroetha^ 
(7 equivalents), and MeOH.(150 mL): The flask was then sealed under nitrogen with a septum 
and heated to reflux for 24 h. The reaction mixture was then diluted with ethyl acetate. The 
organic layer was washed with H 2 0 (3 k) and the aqueous layer was then extracted with ethyl 
acetate (34 The organic layers were combined and dried over magnesium sulfate and filtered 
through filter paper. Solvent was then removed via rotary* evaporation and the resulting solid 
was dried in vacuo for 24 h. 




X = H,.Br.CI 

Acrylic acid [2-^-hydroxyphenyl),2*-(phenyl)-l,l,Dich!orocthaneI ester (X,JLJIV. 
90, 101, 105, 111, 128, 131, 137). To a T0Q mL round bottom flask equipped with a stir bar and 
purged with nitrogen was added the acryiate monomer X. The reaction flask was evacuated and 
backfilled with nitrogen (3x). Methylene chloride and triethylamine (1.5 equivalents) where 
added to the flask via syringe and cooled on an ice bath. Acryloyl chloride (Ll equivalents) was 
slowly added dropwise via syringe. The ice bath was removed and the resulting solution was 
allowed to warm, to room temperature aid stirred for 12 h. The reaction was then quenched by 
opening the flask to air, and the reaction mixture was rotovaped to dryness. The final product 
was isolated via ^ column chromatography (9:1; Hexane/Ethyl acetate). 
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Pojyacrylale A (A, JLJ-IV^102, 123, 129, 13?, 141, 147, 151). Jo a 100 mL round 
bottom flask equipped with a stir bar was added the acrylate monomer and 2,2'- 
azobisisobutyrpnitrile (AIBN: 1000/1- monomer/initiator) and sealed, with a septa under 
nitrogen. The reaction flask was evacuated and backfilled with nitrogen. (3x). The reaction 
mixture was then placed in an oil bath at HO °C and stirred for 2 d, The reaction was then 
cooled to room temperature, dissolved in chloroform and precipitated in methanol. (X~ H) M w : 
607, 300 ;M n : 321,200. (X^C1)M W : 280, 600; M n : 110, 000. 
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What is claimed is: 

1 . A flame retardant polymeric. material comprising bisphenol C analogue monomers,. Wherein the 
bisphenol C analogue monomers comprise at least one vinyl pendant. 

2. The material ofciaim 1 , wherein the vinyl pendant is operable for effecting a vinyl polymerization. 

3. The material of Claim 1, wherein the bisphenol C analogue monomers are co-polymerized with a 
different monomer to form a flame retardant copolymer, 

4. The material of Claim 1, wherein the bisphenol C analogue is the exclusive monomer in a flame 

retardant polymer.. : 

5. The material of Claim 3 or 4, wherein the flame retardant polymer is blended with another polymer, 
•6. The material of Cjaim I, further comprising an anti-drip additive, ■ 
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